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Background: There has been little research conducted regarding cognitive treatments

for the elderly postsurgical population. Patients aged ≥60 years have an increased risk

of postoperative cognitive decline, a condition in which cognitive functions are negatively

affected. This cognitive decline can lead to a decline in quality of life. In order to maintain

a high quality of life, the elderly postsurgical population may benefit from treatment to

maintain and/or improve their cognitive functions. This pilot study investigates the effect

of simple calculation and reading aloud (SCRA) cognitive training in elderly Japanese

postsurgical patients.

Methods: Elderly patients undergoing non-cardiovascular thoracic surgery under

general anesthesia were recruited (n = 12). Subjects were randomly divided into two

groups—one that receives 12 weeks of SCRA intervention, and a waitlisted control

group. Before and after the intervention, we measured cognitive function [Mini-Mental

Status Exam-Japanese (MMSE-J), Frontal Assessment Battery (FAB), computerized

Cogstate Brief Battery (CBB)] and emotional state [General Health Questionnaire-12

(GHQ-12), Geriatric Depression Scale (GDS), Quality of Life Scale-5 (QOL-5)].

Results: Group difference analyses using ANCOVA with permutation test showed that

the intervention SCRA group had a significant improvement in FAB motor programming

sub-score, GDS, and QOL-5 compared to the control group. Within-group analyses

using Wilcoxon signed-rank test to compare baseline and follow-up showed that the

SCRA intervention group total FAB scores, FAB motor programming sub-scores, and

QOL-5 scores were significantly improved.

Discussion: This pilot study showed that there are important implications for the

beneficial effects of SCRA intervention on cognitive function and emotional state in the
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postoperative elderly population; however, further investigations are necessary to reach

any conclusions.

Trial registration: This study was registered with the University Hospital Medical

Information Network (UMIN) Clinical Trial Registry (UMIN000019832).

Keywords: cognitive training, FAB, depression, QOL, thoracic surgery

INTRODUCTION

Background and Rationale
Cognitive changes in elderly patients after surgery have been
reported since the 1950s, and anesthesia has often been
hypothesized to be the cause. In a review of 1,193 aged
patients who underwent surgery with general anesthesia, Bedford
concluded that general anesthetics, hypotension, and cognitive
changes were related, and that “operations on elderly people
should be confined to unequivocally necessary cases” (Bedford,
1955). Previously, postoperative memory impairments have been
reported in 26% of patients aged 60 years and older. These
deficits were reported to last months to years by an international
multicenter study on postoperative cognitive decline (Moller
et al., 1998). Age appears to be the biggest risk factor for changes
in cognitive function after surgery (Moller et al., 1998; Monk
et al., 2008).

This is concerning because a decline in cognition negatively
impacts performance in daily activities (Cahn-Weiner et al.,
2000; Owsley and McGwin, 2004; Lee et al., 2005), which
results in a loss of independence (Monk et al., 2008) and
premature departure from the labor market (Steinmetz et al.,
2009). Furthermore, people with postoperative cognitive changes
are at higher risk of death in the first year after surgery (Monk and
Price, 2011). Over the past 20 years, the number of older patients
having surgery has increased faster than the population is aging
(Etzioni et al., 2003; Sauër et al., 2009). Therefore, it is important
to investigate ways to improve cognitive function in this at-risk
population.

Previous studies have reported the benefits of cognitive
training programs on cognitive function and mental health in
the elderly healthy population as well as the elderly clinical
population. There are several types of cognitive training using
working memory, processing speed, and video games. These
cognitive training programs can improve cognitive performance
in memory (Mahncke et al., 2006; Smith et al., 2009), processing
speed (Ball et al., 2002, 2007; Edwards et al., 2005), executive
function (Bissig and Lustig, 2007; Uchida and Kawashima, 2008),
and attention (Mozolic et al., 2011) in the healthy elderly
population and the elderly dementia population. Cognitive
training also improves mental health in older adults (Iida et al.,
2011, 2012; Takeuchi et al., 2014; Nouchi et al., 2016a). There
are several reasons why we selected SCRA as the intervention.

Abbreviations: ANCOVA, analysis of covariance; CONSORT, consolidated

standards of reporting trials; RCT, randomized controlled trial; MMSE, mini-

mental status exam; FAB, frontal assessment battery; SCRA; simple calculation and

reading aloud; SPSS, statistical package for the social sciences; UMIN, University

Hospital Medical Information Network.

First, it has been validated in both the healthy elderly population
and in the dementia population (Kawashima et al., 2005, 2015;
Nouchi et al., 2016b). Second, special machinery and devices
are unnecessary to conduct this study, making it very cost-
effective (Nouchi et al., 2012b). Third, there is no excessive
burden on participants because the time commitment for
learning therapy is only 15–30min each day. Finally, benefits of
SCRA were replicated by different cultures (Kawashima et al.,
2015).

SCRA intervention consists of reading aloud and solving
simple arithmetic, which were specifically chosen based on
knowledge of neuroscience. Previously conducted brain imaging
studies have indicated that reading aloud (Miura et al., 2003,
2005; Ino et al., 2009; Graves et al., 2010; Parker Jones et al.,
2012) and simple math (Menon et al., 2000; Kawashima et al.,
2004; Arsalidou and Taylor, 2011) activates the frontal cortex
and the association cortices of the temporal and parietal lobes.
Therefore, SCRA intervention was specially designed to stimulate
these areas, and to consequently promote an improvement in the
function of these cortices (Kawashima et al., 2005; Nouchi et al.,
2016b).

Previous studies conducted in healthy elderly subjects
have demonstrated that SCRA intervention improves executive
functioning and processing speed. For example, Uchida and
Kawashima (2008) conducted a randomized controlled trial in
which subjects were divided into a SCRA intervention group
and a waitlisted control group. The SCRA intervention group
was instructed to conduct two training tasks 5 days a week: (1)
reading Japanese aloud, and (2) conducting simple calculations.
After 6-months of intervention, the SCRA intervention group
showed improved executive function, which was shown by the
frontal assessment battery (FAB) (Dubois et al., 2000; Kugo et al.,
2007; Nakaaki et al., 2007), and improved processing speed, as
measured by a digit-symbol substitution test (Wechsler, 1997).
An examination of the pre- vs. post-test scores for individual
items of the FAB also showed that there were statistically
significant improvements in the mental flexibility and sensitivity
to interference scores of the experimental group, but not in
the controls. The researchers concluded that SCRA intervention
positively affects some cognitive functions in elderly people
(Uchida and Kawashima, 2008). Previous studies have also shown
the benefits of SCRA intervention on cognitive functions in
healthy elderly adults (Nouchi et al., 2016b) and in elderly
adults with dementia (Kawashima et al., 2005). However, it is
unclear whether SCRA intervention can lead to improvement of
cognitive function and mental health in the elderly postsurgical
elderly population. As previously stated, this population has an
increased risk of cognitive decline.
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Purpose
The purpose of this study was to investigate the beneficial effects
of SCRA intervention on cognitive functions and mental health
in the elderly Japanese population after thoracic surgery. We
conducted a 12-week open-label randomized control trial with
two parallel groups: the SCRA intervention group and wait-
listed control group (Kulason et al., 2016). To investigate the
positive impact of SCRA intervention on cognitive functions,
we utilized a battery of tests such as the Mini-Mental Status
Exam-Japanese (MMSE-J) (Pangman et al., 2000), the Frontal
Assessment Battery (FAB) (Dubois et al., 2000; Kugo et al.,
2007; Nakaaki et al., 2007), and the Cogstate Brief Battery (CBB)
(Maruff et al., 2009, 2013; Sauër et al., 2009; Brown et al.,
2010; Yoshida et al., 2011; Lim et al., 2012). Additionally, we
utilized several mental health questionnaires such as the 12-
item General Health Questionnaire-12 (GHQ-12) (Henkel et al.,
2003; Jones et al., 2006; Richardson et al., 2007), the Geriatric
Depression Scale (GDS) (Yesavage et al., 1982), and the 5-item
Quality of Life questionnaire (QOL-5) (Lindholt et al., 2002).
These tests and questionnaires were conducted approximately 1
week postoperatively and after SCRA intervention at 3 months
postoperatively.

Based on previous studies (Kawashima et al., 2005, 2015;
Nouchi et al., 2016b), we expected that SCRA intervention
would lead to improvement of cognitive functions. Improvement
in executive function was especially expected because SCRA
improved executive functions in both the healthy and the clinical
elderly populations. In addition, previous cognitive training for
young and old healthy adults reported improvement of quality of
life and reduction of negative mood (Kwok et al., 2013; Takeuchi
et al., 2014; Nouchi et al., 2016a), it was expected that SCRA
intervention would improve mental health and reduce depressive
moods.

METHODS

Trial Design
The trial protocol for this open-label randomized controlled trial
was devised in line with the CONSORT checklist (Supplementary
Material 1) for randomized controlled trials (Chan et al.,
2013). All subjects who volunteered to participate in this study
conducted at Tohoku University Hospital in Sendai city, Miyagi
prefecture, Japan, provided written informed consent. The Ethics
Committee of Tohoku University Graduate School of Medicine
approved both the protocol for this study and the consent
form. Additionally, this study was registered with the University
Hospital Medical Information Network (UMIN) Clinical Trial
Registry (UMIN000019832). The trial design is presented in
Figure 1.

Participants
Twelve pulmonary patients (6 males, 6 females) undergoing
non-cardiovascular thoracic surgery were recruited fromTohoku
University Hospital. The surgery was conducted using general
anesthesia. Participant demographics are noted in Table 1. A
doctor of thoracic surgery from the Tohoku University Hospital
referred participants to the study over a 3-month period

beginning in January 2016. Participants were native Japanese
speakers who self-reported to be right-handed and were 60 years
and older (mean age 70.16 ±6.07 years). Participants were not
particularly concerned with potential changes in their memory
and cognition. A total of two participants were removed from
all analysis. One participant was removed from the wait-listed
control group for failing 4 CCB integrity checks over the two
testing sessions. The other participant was removed for failing to
properly complete the SCRA intervention.

Patients admitted to the hospital were informed about the
study prior to surgery. Interested patients received both a written
and a verbal explanation of the study. Prior to participating in the
study, all subjects were requested to sign the informed consent
form. There were no significant differences between the groups in
all data (two-sample t-test, p > 0.10). MMSE scores were within
the normal range.

SCRA Intervention Group
Subjects were randomly placed into the SCRA intervention
group (n = 6). The 30-min SCRA intervention (Figure 2)
was conducted 3–5 times a week for 12 weeks. The cognitive
interventionmaterial were prepared fromDr. Ryuta Kawashima’s
published book series “Training the Brain: The Adult’s

Arithmetic Drills” and
“Training the Brain: The Adult’s Verbal Reading Drills”

, which have already been
shown to be effective (Kawashima et al., 2004; Uchida and
Kawashima, 2008). Study subjects received the intervention
packet before being discharged from the hospital. Upon
receiving verbal and written instruction for the intervention,
participants were given a practice set of worksheets to ensure
comprehension.

The difficulty level for arithmetic materials ranged from
single-digit addition to double-digit division. The first 10 days
of the arithmetic worksheets consisted of 50 problems, and the
remaining 50 days consisted of 100 problems. Participants were
instructed to complete the arithmetic as quickly and accurately
as possible, and to stop after 15min even if they did not reach
the end. Participants recorded the time it took to complete each
worksheet with the provided timer, and project investigators
graded the accuracy for all completed arithmetic worksheets. The
reading worksheets were 1–2 pages of short stories and essays.
Subjects were instructed to read the text aloud and to enunciate
each word. The time it took to complete each worksheet was also
recorded. Again, the participant was instructed to stop if they
exceeded 15min.

Participants were given the three cognitive assessments
(MMSE-J, FAB, CBB) and the three psychological questionnaires
(GHQ-12, GDS, QOL-5) detailed above before starting the
intervention, and after completing the intervention.

Waitlisted Control Group
During the duration of the intervention, the waitlisted control
group (n = 4, 2 excluded) continued life as usual. They did not
receive SCRA cognitive intervention. After the conclusion of the
study, the waitlisted subjects were offered the opportunity to
experience SCRA intervention. Intervention studies conducted
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FIGURE 1 | Consolidated standards of reporting trials (CONSORT) flowchart.

FIGURE 2 | Sample simple calculation and reading aloud (SCRA) cognitive intervention. Sixty days of arithmetic (Left) and reading aloud (Right) worksheets similar to

those depicted above were given to subjects randomly placed into the intervention group.
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TABLE 1 | Demographic information.

GENDER

Treatment 3 males, 3 females

Control 1 males, 3 females

MEAN AGE (yrs.)

Treatment 69 ± 6.96

Control 68.75 ± 4.27

Race/Ethnicity Japanese

Procedure Partial pulmonary lobectomy

Location of procedure Tohoku University Hospital

Mean anesthesia duration (min) 257.45 ± 70.14

MEAN ANESTHESIA ADMINISTERED

Remifentanil (mg) 4.31 ± 2.47

Fentanyl (mg) 0.28 ± 0.13

previously (Clark et al., 1997; Mahncke et al., 2006) have reported
that there is no need for a placebo group for this type of study
because there are no differences between the placebo group and
control groups regarding improvement in cognitive function.
Participants were given the three cognitive assessments (MMSE-J,
FAB, CBB) and the three psychological questionnaires (GHQ-12,
GDS, QOL-5) detailed above before starting the intervention, and
after completing the intervention.

Cognitive Function Outcome Measures
A total of three cognitive tests batteries were administered

to participants at two time points. Baseline was administered

postoperatively (7.7 ± 3.06 days), and follow-up testing was

administered after completing the 3-month SCRA intervention.

All tests were administered by trained project investigators.

Additionally recorded data included the type, amount, and

duration of general anesthesia, surgery duration, age, and sex.

The first cognitive test battery was the Mini-Mental State

Examination-Japanese (MMSE-J), a 30-point cognitive test used

extensively in both research and clinically to measure cognition

(Pangman et al., 2000; Sugishita, 2012). The higher the MMSE-J

score, the better the cognitive performance. In research on

postoperative cognitive decline, the MMSE is one of the most

common assessments used to determine mental status (Folstein
et al., 1975; Wang et al., 2014). The MMSE has a test-retest
interval of 2 months (Folstein et al., 1975; Tombaugh and
McIntyre, 1992; Helkala et al., 2002).

The second cognitive test battery was the FAB, an 18-point
cognitive assessment which can be performed at the bedside
or in a clinical setting to measure executive functions. There
are six subsets to the FAB which explore different functions
of the frontal lobe: conceptualization, mental flexibility, motor
programming, sensitivity to interference, inhibitory control, and
environmental autonomy (Dubois et al., 2000; Kugo et al., 2007;
Nakaaki et al., 2007). Higher scores indicate better performance.
The Japanese version of the FAB is comparable, in terms of
validity and reliability, to the original English version (Kugo et al.,
2007; Nakaaki et al., 2007). The FAB is commonly administered
in conjunction with the MMSE in studies examining cognitive

decline (Brown et al., 2010; Nouchi et al., 2012a; Bugalho et al.,
2013; Barulli et al., 2015).

Finally, participants were tested using a laptop running the
CBB to measure the speed of processing, visual attention, visual
learning and memory, and attention and working memory. The
CBB, which consists of four tasks, has been shown to effectively
determine cognitive decline (Maruff et al., 2009, 2013; Sauër et al.,
2009; Brown et al., 2010; Lim et al., 2012) and has also been
shown to be effective in the Japanese population (Yoshida et al.,
2011). As a computerized test, CBB is designed to have virtually
an unlimited number of variations. There are no retest-related
effects in CBB scores after 1 month; however, there are re-test
effects at 1-week (Maruff et al., 2009, 2013; Lim et al., 2012). A
series of internal integrity checks were applied to the CBB data
to ensure that each subject was completing each task properly.
The four CBB tasks have previously been described in detail
(Collie et al., 2002; Falleti et al., 2006; Maruff et al., 2013) and on
the Cogstate website (https://cogstate.com/). The tests are briefly
summarized here.

Administered first was the detection (DET) task, which
measures psychomotor function. Since the primary performance
measure is normalized using a log10 transformation, a lower score
indicates better performance. The next task, identification (IDN)
measured visual attention. Again, the primary performance
measure was normalized using a log10 transformation,
and therefore, a lower score indicates better performance.
Administered third was the one card learning (OCL) task, which
is a continuous visual recognition learning task that assesses
visual learning within a pattern separation model (Yassa et al.,
2010). The proportion of correct answers was recorded and
normalized using an arcsine square-root transformation;
therefore, a lower score indicates worse performance.
Administered last was the one-back (OBK) task, which assesses
working memory and attention by recording the proportion
of correct answers. The primary performance measure was
normalized using an arcsine square-root transformation, and a
lower score indicates worse performance.

Psychological Questionnaires Outcome
Measures
Immediately after the cognitive assessments before and after
the intervention period, three psychological questionnaires were
administered to measure mental and emotional state: GHQ-12,
GDS, and QOL-5. All questionnaires are self-reported measures.
The GHQ-12 assesses psychological morbidity and is extensively
used in clinical practice (Richardson et al., 2007), epidemiological
research (Henkel et al., 2003), and psychological research (Jones
et al., 2006) to screen the domains of depression, anxiety, somatic
symptoms, and social withdrawal. A higher score indicates that
the individual is at higher risk of developing a psychiatric
disorder. The GDS screens for depression in the elderly
population by assessing cognitive and emotional symptoms of
depression (i.e., feelings of worthlessness, preference for staying
at home, concern about memory problems), and a higher score
indicates higher psychological distress (Yesavage et al., 1982). The
QOL-5 measures global and generic quality of life that has been
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shown to have internal consistency and sensitivity and relevance.
It also has practical outcome measures that are available for
clinical databases (Lindholt et al., 2002). A higher score indicates
a greater quality of life.

Sample Size
This was a pilot study, and similar studies have not been
previously conducted. Therefore, it was not possible to calculate
a sample size. Future studies can calculate the sample size based
on the pilot study.

Randomization and Blinding
Participants were randomly allocated into one of two groups: the
SCRA cognitive intervention group, and the wait-listed control
group. The project investigator (RN) used an online computer
program (http://www.graphpad.com/quickcalcs/index.cfm) to
assign participants their group designation. Participants were
stratified by gender, and were blocked randomized (block size;
4) with an allocation ratio of 1:1 to create similar size groups. It is
difficult to design a fully blinded study in a design in which one
group receives an intervention and the other receives nothing. As
a result, the trial designed was open- label.

Statistical Analysis
This study was designed to evaluate the effect of SCRA cognitive
intervention in elderly Japanese patients who have undergone
lung surgery. CBB scores were normalized around 100 with
a standard deviation of 10. To check the beneficial effects of
SCRA, we conducted the following group difference and within-
group analyses. First, to check group differences, change in
score was calculated (post—pre) for each outcome measure. The
sign for the change in score of DET and IDN were reversed
so that negative numbers would reflect worse performance. An
ANCOVA with permutation test was conducted to determine
significant differences in scores between the intervention group,
the wait-listed control group, and the covariates (baseline score,
age, sex). We used the permutation test for ANCOVAmodels for
two reasons. First, it is suited toward small sample analysis with
no restrictions on distribution (May and Hunter, 1993; Ludbrook
and Dudley, 1998; Anderson, 2001; Kherad-Pajouh and Renaud,
2010). Second, the permutation test corrects Type 1 error (false
positive) (Shuster and Boyett, 1979; Anyela et al., 2008).

For within-group analysis, a Wilcoxon signed-rank test was
employed to determine significant changes in within-group pre-
intervention scores and post-intervention scores. We used one-
tailed ANCOVAs andWilcoxon signed-rank tests because we had
a strong hypothesis that the SCRA intervention would improve
cognitive functions and emotional states. The level of significance
was set at p < 0.05. We did not use any multiple comparison
methods to adjust p-values (i.e., FDR) because this is a pilot
study with a small sample size. Several methods are available (i.e.,
multiple testing corrections and re-sampling) to control Type 1
error. The Bonferroni (Hsu, 1996) and Benjamini and Hochberg
(False discovery rate; FDR) (Benjamini and Hochberg, 1995) are
two such correction methods that are commonly used. However,
the While the Bonferroni correction is very conservative, it
can create unacceptable levels of Type II errors and contribute

to publication bias, or the exclusion of a potentially relevant
hypothesis (Nakagawa, 2004). On the other hand, the FDR
method is less stringent, but may lead to the acceptance of a
false positive hypothesis. Therefore, permutation tests, a typical
resampling method (Belmonte and Yurgelun-Todd, 2001), are
now widely accepted and recommended for multiple statistical
testing (Shuster and Boyett, 1979; Nakagawa, 2004; Anyela et al.,
2008; Nouchi et al., 2013). Statistical analysis was conducted
using RStudio [version 3.2.4 (2016-03-10)].

RESULTS

All participants scored similarly on all outcome measures
at baseline. There were no significant differences at baseline
between the wait-listed control group scores and the SCRA
intervention group scores (MMSE p= 0.645; FAB p= 0.412; DET
p = 0.457; IDN p = 0.369; OCL p = 0.070; OBK p = 0.226; GDS
p= 0.060; GHQ p= 0.253; QOL p= 0.224).

Between-Group Analyses
To check the benefits of SCRA on cognitive function and
mental health compared to the control group, we conducted
an ANCOVA with permutation test examining change in
score (Table 2) between the intervention group and the
wait-listed control group. The analysis determined that the
intervention group had a significant improvement the FAB
motor programming sub-score compared to the control group
(p = 0.0195, Table 4). There was no significant difference in
between group change in total FAB scores (Table 3); however, the
intervention group’s total FAB scores appear to have a generally
positive trend. There was also a significant improvement in
the intervention group GDS score compared to that of the
control group (p = 0.0259; Table 3). Additionally, there was
a significant improvement in the intervention group QOL5
score compared to the control group (p = 0.038; Table 3).
There were no other significant differences in the change in
scores between the two groups. These results clearly show
that the SCRA intervention improves motor programming,
depressive mood, and quality of life compared to the control
group.

Within-Group Analyses
To investigate how cognitive function andmental health changed
between baseline and follow-up within each group, an analysis
of within-group score changes were conducted using a Wilcoxon
signed-rank test. There was a significant improvement in the
FAB motor programming sub-score within the intervention
group in the follow-up score compared to baseline (p =

0.0095, Table 4), but not in controls (p = 0.376, Table 4).
Additionally, there was an improvement in the total FAB scores
within the intervention group in the follow-up score compared
to baseline (p = 0.013, Table 3), but not in controls (p =

0.353, Table 3). Additionally, the intervention group QOL5
score significantly improved after the intervention (p = 0.0398,
Table 3), but not in the control group (p = 0.207, Table 3).
There were no other significant changes in scores within each
group.
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TABLE 2 | Change in primary outcome measure scores.

Subject 1MMSE 1FAB 1DET 1IDN 1OCL 1OBK 1GDS 1GHQ 1QOL

1concept1mental 1motor 1interfer. 1inhib.

ctrl.

1envir.

auto.

WAITLIST CONTROLS

Sub3 −1 −2 0 0 −2 0 0 0 3 8 14 2 5 4 −5

Sub4 −3 −2 −1 0 0 0 −1 0 −4 −4 6 17 12 0 −12

Sub5 0 2 0 1 0 3 −2 0 0 2 4 16 −1 4 5

Sub7 2 4 0 0 3 1 0 0 6 8 −4 −6 0 0 0

SCRA INTERVENTION

Sub1 1 2 1 0 2 0 −1 0 4 −2 8 0 0 0 4

Sub2 1 1 0 1 0 0 0 0 12 0 4 13 −1 1 3

Sub6 −1 3 0 1 2 0 0 0 −5 −6 1 0 0 4 6

Sub8 1 3 0 0 3 0 0 0 −6 −6 −12 18 1 −1 −2

Sub9 −9 1 0 0 0 0 0 0 18 9 −2 5 −2 −2 0

Sub11 −1 1 0 0 1 0 0 0 −9 −13 6 −13 −3 1 9

All values were calculated (Post-intervention—Pre-intervention). The sign for DET, IDN, and GHQ12 were reversed so that a negative number reflects worse performance. Therefore, all

negative values in this table indicate a decline. FAB sub-score measures include concept (1concept), mental flexibility (1mental), motor programming (1motor), interference (1interfer.),

inhibitory control (1inhib. ctrl.), and environmental autonomy (1envir. auto.).

DISCUSSION

This pilot study investigated the benefits of SCRA intervention
in an elderly Japanese postsurgical population. To reiterate,
age has been identified as a major risk factor for changes
in cognition after surgery (Moller et al., 1998). This was the
first study conducted in the elderly Japanese post-thoracic
surgical population that investigated the effects of a non-invasive
paper-and-pencil intervention based on learning therapy. The
preliminary results show that the SCRA intervention improves
motor programming, symptoms of depressive moods, and
quality of life.

The first main finding is a significant improvement in FAB

motor programming sub-scores after the intervention in the

experimental group compared to the control group. Additionally,

the FAB motor programming sub-scores within the intervention

group significantly increased after the intervention. An increase
in FAB motor programming sub-scores was not present in
the control group. This suggests that SCRA intervention
improves motor programming. Motor programming is a term
used to represent the movement that centrally organizes and
controls the degrees of freedom involved in movement. It
encompasses the signals transmitted through the efferent and
afferent pathways of the central nervous system that enables
the brain to anticipate, plan, and guide movement (Bastian,
2008). Patients with lesions in their frontal lobe, which is
heavily involved in motor programming, may have impairments
in tasks that require temporal organization, maintenance, and
execution of successive actions—all of which are necessary
for motor programming (Milner, 1984; Jason, 1986; Dubois
et al., 2000). The preliminary data also found that the total
FAB score within the intervention group significantly increased
post-intervention but did not increase in the control group. A
significant difference between the two groups was not present in
the change in total FAB scores. This may be due to the small

sample size. The preliminary data is not sufficient to draw any
conclusions, and further research with a larger subject pool is
necessary.

In this present study, the intervention involved the use of
paper and pencil (reading aloud and simple arithmetic). It is
possible that the frequent use of fine motor functions during the
intervention contributed to the observed increase in FAB motor
programming sub-scores. Additionally, improvements in motor
programming can be explained by the overlapping hypothesis
(Nouchi and Kawashima, 2014; Nouchi et al., 2014, 2016b).
The hypothesis makes an assumption that cognitive functions
are improved by cognitive training given that the training
and the affected cognitive functions involve the same brain
areas. In this study, participants conducted simple arithmetic
and reading aloud training tasks, which involves areas in the
frontal, temporal, and parietal cortices. Based on the overlapping
hypothesis, the improvements in motor programming is because
the training task and motor programming share similar mental
processes. Interestingly, the motor programming task has
been found to activate the prefrontal cortex more than other
tasks including inhibitory control tasks (Toyoda et al., 2016).
Therefore, conducting the SCRA intervention would activate
mental processes involved in motor programming—the frontal
cortex. As a result, there was an improvement in motor
programming due to the intervention.

While the FAB motor programming sub-score does appear
to significantly improve in the intervention group, the lack
of improvement in other cognitive measures in addition to
the lack of improvement in the total FAB score does not
reflect the beneficial effects of learning therapy observed by
both Uchida and Kawashima (2008) and Kawashima et al.
(2005). As previously mentioned, Uchida and Kawashima (2008)
examined change in baseline and follow-up FAB sub-scores
within each group found statistically significant improvements
in mental flexibility and in conflicting instruction scores of the
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TABLE 3 | Primary outcome measure scores.

Basline mean

(±SD)

Baseline

range

Follow-up mean

(±SD)

Follow-up

range

Change in score Within group

p-value

Between group

p-value

MMSE intervention 28.33 (±1.37) 26 to 30 27 (±5.02) 17 to 30 −0.05 (±0.15) 0.3695 0.5#

MMSE control 28.75 (±0.5) 28 to 29 28.25 (±1.71) 26 to 30 −0.02 (±0.07) 0.2965

FAB intervention 13.33 (±1.51) 12 to 15 15.17 (±2.04) 13 to 17 0.14 (±0.07) 0.013* 0.5#

FAB control 13 (±1.63) 11 to 15 13.7 (±2.04) 9 to 17 0.04 (±0.23) 0.3525

DET intervention 95.17 (±5.88) 86 to 103 92.83 (±10.17) 75 to 102 −0.02 (±1.12) 0.422 0.5#

DET control 95 (±6.98) 87 to 103 93.75 (±10.69) 81 to 107 −0.02 (±0.05) 0.2965

IDN intervention 101.5 (±1.22) 100 to

103

98.17 (±7.39) 84 to 105 −0.03 (±0.07) 0.138 0.5#

IDN control 100.25 (±3.86) 87 to 103 96.75 (±8.77) 95 to 108 −0.04 (±0.06) 0.1345

OCL intervention 102.17 (±5.46) 92 to 106 103 (±5.48) 94 to 106 0.01 (±0.07) 0.344 0.5#

OCL control 97.5 (±3.42) 94 to 102 102.5 (±5.74) 98 to 110 0.05 (±0.07) 0.099

OBK intervention 106.33 (±8.21) 98 to 116 110.17 (±6.55) 103 to 116 0.04 (±0.10) 0.1785 0.5#

OBK control 100.75 (±1.71) 99 to 103 108 (±9.56) 97 to 116 0.07 (±0.11) 0.1875

GHQ12 intervention 1.67 (±1.51) 0 to 4 1.17 (±0.98) 0 to 2 −0.5 (±2.07) 0.34 0.235

GHQ12 control 2.75 (±2.63) 0 to 5 0.75 (0.50) 0 to 1 −2 (2.32) 0.0785

GDS intervention 4.12 (±2.14) 0 to 6 3.33 (±2.34) 0 to 6 −0.83 (±1.47) 0.099 0.0259*

GDS control 1.5 (±1.00) 1 to 3 5.5 (±6.86) 0 to 15 4 (±5.94) 0.1425

QOL5 intervention 14.5 (±3.56) 9 to 17 17.83 (±2.93) 15 to 23 3.33 (±3.98) 0.0398* 0.038*

QOL5 control 16.75 (±3.10) 14 to 21 13.75 (±8.14) 3 to 21 −3 (±7.26) 0.207

Note that DET and IDN measure reaction time in milliseconds, so higher scores indicate poorer performance. A higher score indicates better performance for all other test scores (OCL,

OBK, MMSE, FAB). A higher GHQ12 score indicates poorer overall psychiatric health, and a higher score for GDS and QOL5 indicate better psychiatric health. Within-group analysis

conducted by Wilcoxon signed-rank test, and between-group analysis conducted by ANCOVA with permutation test. There was a significant improvement in the total FAB scores

within the intervention group (p = 0.013), but not in controls (p = 0.353). There was also a significant improvement in the intervention GDS scores compared to controls (0.0259).

Additionally, there was a significant improvement in the intervention groups QOL5 score compared to controls (p = 0.038), as well as a significant improvement within the intervention

group comparing baseline to follow-up scores (p = 0.0398) and not within the controls group (p = 0.207). *The significance level was set at p < 0.05. #The statistical value is close to

zero which resulted in a two-tailed p-value of 1.0 (1-tail p-value is 0.5).

experimental group, but not in the controls. However, there are
several key differences between this present study and Uchida
and Kawashima (2008). First, the intervention period for their
study was 6-months, and ours was only 3-months. Second, the
intervention for their study was more intensive in that subjects
were required to go to a learning center 1 day a week and to do
their homework for 4 days a week. The SCRA intervention was
laxer since the requirement was to do the training material 3–5
times a week at home. Third, the age range of the subjects for their
study was 70–85 years old (mean 75.3 ±3.8). The age range for
our study was 60–79 years old (mean 70.16 ±6.07). It is possible
that the lower intervention frequency and shorter intervention
period for this present study were not enough to improve mental
flexibility and conflict. Additionally, our subjects were generally
younger than the subjects in Uchida and Kawashima (2008),
and therefore there may have been less room for dramatic
improvement inmental flexibility and conflict. Since this is a pilot
study, clear conclusions cannot be drawn and further research is
necessary.

The second main finding of this preliminary data is that
SCRA reduced the GDS scores. Lower GDS indicates lower
psychological distress. Therefore, the intervention group suggests
that SCRA intervention helped reduce cognitive and emotional
symptoms of depression. Our preliminary findings also indicated
a significant improvement in the QOL5 score of the intervention
group compared to the controls. A higher QOL5 score reflects a

higher quality of life. Therefore, the significantly greater positive
change in the intervention group QOL5 score compared to that
of the control group suggests that the SCRA intervention helped
improve quality of life. The QOL5 score of the intervention
group was also significantly greater after the intervention. This
significant improvement in QOL5 scores was not present in the
control group. These results further support the idea that SCRA
intervention improves quality of life.

It is possible that the SCRA intervention functioned as an
emotional regulator. Conducting the intervention may have
served to divert a person’s attention away from negative
emotional experiences, and helped a person to ignore negative
experiences. In fact, it has been reported that cognitive activity
can modulate subsequent psychological and physiological
emotional processes (Iida et al., 2011, 2012). There have also
been several studies in which cognitive training for working
memory and processing speed reduce negative emotion and
depressive symptoms (Takeuchi et al., 2014; Nouchi et al., 2016a).
It is important to note that speed of processing involves the
parietal and temporal cortices (Turken et al., 2008). As previously
mentioned, the SCRA intervention trains the frontal cortex and
of the temporal and parietal association cortices, and therefore
this preliminary finding of this present study agrees with previous
findings.

This pilot study has several major limitations. First, the
waitlisted control group was not given a placebo because it
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TABLE 4 | FAB sub-score outcome measures.

Basline

mean (±SD)

Baseline

range

Follow–up mean

(±SD)

Follow–up

range

Change in

score

Within group

p-value

Between

group p-value

Concept Intervention 2.17(±0.41) 2–3 2.33 (±0.52) 2–3 0.08 (±0.20) 0.1585 0.5#

Control 2.5 (±0.58) 2–3 2.25 (±0.5) 2–3 −0.08 (±0.17) 0.1585

Mental Flexibility Intervention 2.17 (±0.75) 1–3 2.5 (±0.84) 1–3 0.125 (±0.25) 0.0785 0.5#

Control 2.5 (±0.58) 2–3 2.75 (±0.26) 2–3 0.17 (±0.26) 0.1585

Motor programming Intervention 0.83 (±0.41) 0–1 2.17 (±0.98) 1–3 0.83 (±0.98) 0.0095* 0.0195*

Control 1.25 (±1.5) 0–3 1.5 (±1.73) 0–3 −0.25 (±0.5) 0.376

Interferance Intervention 2.83 (±0.41) 2–3 2.83 (±0.41) 2–3 0 (±0.00) 0.5# 0.5#

Control 1.25 (±1.5) 0–3 2.5 (±1) 1–3 0.125 (±0.25) 0.108

Inhibtory control Intervention 2.33 (±1.03) 1–3 2.17 (±0.98) 1–3 −0.06 (±0.14) 0.3575 0.5#

Control 2.25 (±0.96) 1–3 1.5 (±1) 1–3 −0.29 (±0.34) 0.134

Environmental autonomy Intervention 3 (±0.00) 3–3 3 (±0.00) 3–3 0 (±0.00) NA 0.5#

Control 3 (±0.00) 3–3 3 (±0.00) 3–3 0 (±0.00) NA

The FAB consists of six sub-score measures: concept, mental flexibility, motor programming, interference, inhibitory control, and environmental autonomy. Within-group analysis

conducted by Wilcoxon signed-rank test, and between-group analysis conducted by ANCOVA with permutation test. There was a significant improvement in the intervention group

FAB motor programming sub-score compared to controls (0.0195). There was also a significant improvement in the FAB motor programming sub-score within the intervention group

comparing baseline to follow-up (0.0095), and not in the control group (n = 0386). *The significance level was set at p < 0.05. #The statistical value is close to zero which resulted in a

two-tailed p-value of 1.0 (1-tail p-value is 0.5).

would be unreasonable to ask elderly patients recovering from
surgery to complete tasks designed to have zero effect. However,
the lack of a placebo may introduce a performance bias and
a difference in subject motivation to completing the testing
measures. Nevertheless, studies have indicated that a placebo
for the control group is not required for this type of study
(Clark et al., 1997; Mahncke et al., 2006). The purpose of this
study is to determine the effects of SCRA intervention in the
postoperative elderly population. Although the waitlisted control
group is sufficient, in the future it may be necessary to use an
active control group.

The second limitation is the small sample size. Based on
this pilot study, there is a real need for this current study to
be conducted with larger sample sizes to yield more conclusive
results. Future studies may also benefit from examining the
effects of SCRA intervention in patients undergoing different
surgical procedures with a wide range of anesthetic type and
duration. Third, the literature suggests that brain training only
affects domains that are specifically trained, and only for the
duration of the training (Rowe and Kahn, 1997; Ball et al., 2002;
Franklin et al., 2003; Günther et al., 2003; Klingberg et al., 2005;
Sartory et al., 2005; Salthouse, 2006; Sammer et al., 2006; Sitzer
et al., 2006; Willis et al., 2006; Schooler, 2007; Dahlin et al., 2008;
Barnes et al., 2009; Fisher et al., 2009; Jaeggi et al., 2011; Kueider
et al., 2012; Woods et al., 2012; Melby-Lervåg and Hulme,
2013; Ahmed et al., 2015; Bell et al., 2016). Therefore, future
studies on improving cognitive functions in this population
may see more prominent results if the treatment is tailored
toward improving what is measured (i.e., processing speed, visual
attention). Nevertheless, the preliminary results together suggest
that SCRA intervention improves motor programming, and
possibly improve general frontal lobe functions.

In summary, the use of SCRA intervention significantly
improved motor programming functions of the frontal lobe. The
intervention also significantly improved symptoms of depressive
mood and quality of life. Further research is necessary before
any clear conclusions can be drawn. However, this pilot study
provides a solid foundation and direction for future studies.
Exploring the relationship between postoperative training motor
programming and depressive moods and quality of life may
be beneficial for future postoperative elderly patients. Another
potential direction for future research is to explore preoperative
cognitive training. One randomized control trial reports that
patients preoperatively trained in a cognition mnemonic skill for
a total of three 1-h sessions with the method of loci significantly
lowered the incidence of postoperative cognitive decline in the
intervention group compared to the controls 1 week after surgery
(Saleh et al., 2015). Further research on the effects of preoperative
motor programming training on cognitive change, emotional
well-being, and quality of life is warranted.

PROTOCOL

The full trial protocol can be found at Kulason et al. (2016).

AUTHOR CONTRIBUTIONS

KK, RN, YH, MN, YO, and RK designed developed the
study protocol; KK and RN searched the literature, selected
cognitive function measures, created manuals to conduct, and
rate cognitive measures; KK and RN wrote the manuscript with
YH, MN, YO, and RK; RK also gave advice related to the study
protocol. All authors read and approved the final manuscript.

Frontiers in Aging Neuroscience | www.frontiersin.org 9 March 2018 | Volume 10 | Article 68

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Kulason et al. SCRA Cognitive Intervention Post-thoracic Surgery

FUNDING

This study is supported by JSPS KAKENHI Grant Number
15H05366 (Grant-in-Aid for Young Scientists (A)), 16KT0002
(Grant-in-Aid for Scientific Research (B)), and Research Grant of
Frontier Research Institute for Interdisciplinary Science (FRIS),
Tohoku University. Funding sources of the trial are not involved
in the study design, collection, analysis, interpretation of data, or
writing of papers.

ACKNOWLEDGMENTS

The Institutional Review Board of the Tohoku University
Graduate School of Medicine (Ref.2015-1-512) provided ethical

approval. Based on the Declaration of Helsinki, written
informed consent was received from each participant. We
would like to thank H. Nouchi and M. Sato for recruiting
the participants, testers for performing psychological tests,
supporters for conducting learning therapy, the participants, and
all our other colleagues in IDAC, Tohoku University for their
support.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.
2018.00068/full#supplementary-material

REFERENCES

Ahmed, A. O., Hunter, K. M., Goodrum, N. M., Batten, N.-J., Birgenheir, D.,

Hardison, E., et al. (2015). A randomized study of cognitive remediation for

forensic and mental health patients with schizophrenia. J. Psychiatr. Res. 68,

8–18. doi: 10.1016/j.jpsychires.2015.05.013

Anderson, M. J. (2001). Permutation tests for univariate or multivariate

analysis of variance and regression. Can. J. Fish. Aquat. Sci. 58, 626–639.

doi: 10.1139/f01-004

Anyela, C., Francisco, A., Haiying, W., and Huiru, Z. (2008). Permutation–

based statistical tests for multiple hypotheses. Source Code Biol. Med. 3:15.

doi: 10.1186/1751-0473-3-15

Arsalidou, M., and Taylor, M. J. (2011). Is 2+2=4? Meta-analyses of brain

areas needed for numbers and calculations. Neuroimage 54, 2382–2393.

doi: 10.1016/j.neuroimage.2010.10.009

Ball, K., Berch, D. B., Helmers, K. F., Jobe, J. B., Leveck, M. D., Marsiske,

M., et al. (2002). Effects of cognitive training interventions with

older adults: a randomized controlled trial. JAMA 288, 2271–2281.

doi: 10.1001/jama.288.18.2271

Ball, K., Edwards, J. D., and Ross, L. A. (2007). The impact of speed of processing

training on cognitive and everyday functions. J. Gerontol. B Psychol. Sci. Soc.

Sci. 62, 19–31. doi: 10.1093/geronb/62.special_issue_1.19

Barnes, D. E., Yaffe, K., Belfor, N., Jagust,W. J., DeCarli, C., Reed, B. R., et al. (2009).

Computer-based cognitive training for mild cognitive impairment: results from

a pilot randomized, controlled trial. Alzheimer Dis. Assoc. Disord. 23, 205–210.

doi: 10.1097/WAD.0b013e31819c6137

Barulli, M. R., Fontana, A., Panza, F., Copetti, M., Bruno, S., Tursi, M., et al. (2015).

Frontal assessment battery for detecting executive dysfunction in amyotrophic

lateral sclerosis without dementia: a retrospective observational study. BMJ

Open 5:e007069. doi: 10.1136/bmjopen-2014-007069

Bastian, A. J. (2008). Understanding sensorimotor adaptation and

learning for rehabilitation. Curr. Opin. Neurol. 21, 628–633.

doi: 10.1097/WCO.0b013e328315a293

Bedford, P. D. (1955). Adverse cerebral effects of anaesthesia on old people. Lancet

269, 259–263. doi: 10.1016/S0140-6736(55)92689-1

Bell, M. D., Vissicchio, N. A., and Weinstein, A. J. (2016). Cognitive training

and work therapy for the treatment of verbal learning and memory

deficits in veterans with alcohol use disorders. J. Dual Diagn. 12, 83–89.

doi: 10.1080/15504263.2016.1145779

Belmonte, M., and Yurgelun-Todd, D. (2001). Permutation testing made practical

for functional magnetic resonance image analysis. IEEE Trans. Med. Imaging

20, 243–248. doi: 10.1109/42.918475

Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate:

a practical and powerful approach to multiple testing. J. R. Stat. Soc. B 57,

289–300.

Bissig, D., and Lustig, C. (2007). Who benefits frommemory training? Psychol. Sci.

18, 720–726. doi: 10.1111/j.1467-9280.2007.01966.x

Brown, R. G., Lacomblez, L., Landwehrmeyer, B. G., Bak, T., Uttner, I.,

Dubois, B., et al. (2010). Cognitive impairment in patients with multiple

system atrophy and progressive supranuclear palsy. Brain 133, 2382–2393.

doi: 10.1093/brain/awq158

Bugalho, P., Viana-Baptista, M., Bugalho, P., and Viana-Baptista, M. (2013).

Predictors of cognitive decline in the early stages of parkinson’s disease: a

brief cognitive assessment longitudinal study. Parkinsons Dis. 2013:912037.

doi: 10.1155/2013/912037

Cahn-Weiner, D. A., Malloy, P. F., Boyle, P. A., Marran, M., and Salloway,

S. (2000). Prediction of functional status from neuropsychological tests in

community-dwelling elderly individuals. Clin. Neuropsychol. 14, 187–195.

doi: 10.1076/1385-4046(200005)14:2;1-Z;FT187

Chan, A. W., Tetzlaff, J. M., Gøtzsche, P. C., Altman, D. G., Mann, H., Berlin, J.,

et al. (2013). Explanation and elaboration: guidance for protocols of clinical

trials. BMJ 346:e7586. doi: 10.1136/bmj.e7586

Clark, F., Azen, S. P., Zemke, R., Jackson, J., Carlson, M., Mandel,

D., et al. (1997). Occupational therapy for independent-living

older adults. A randomized controlled trial. JAMA 278, 1321–1326.

doi: 10.1001/jama.1997.03550160041036

Collie, A., Darby, D. G., Falleti, M. G., Silbert, B. S., and Maruff, P.

(2002). Determining the extent of cognitive change after coronary surgery:

a review of statistical procedures. Ann. Thorac. Surg. 73, 2005–2011.

doi: 10.1016/S0003-4975(01)03375-6

Dahlin, E., Nyberg, L., Bäckman, L., and Neely, A. S. (2008). Plasticity of executive

functioning in young and older adults: immediate training gains, transfer, and

long-term maintenance. Psychol. Aging 23, 720–730. doi: 10.1037/a0014296

Dubois, B., Slachevsky, A., Litvan, I., and Pillon, B. (2000). The FAB:

a Frontal assessment battery at bedside. Neurology 55, 1621–1626.

doi: 10.1212/WNL.55.11.1621

Edwards, J. D., Wadley, V. G., Vance, D. E., Wood, K., Roenker, D. L.,

and Ball, K. K. (2005). The impact of speed of processing training

on cognitive and everyday performance. Aging Ment. Health 9, 262–271.

doi: 10.1080/13607860412331336788

Etzioni, D. A., Liu, J. H., Maggard, M. A., and Ko, C. Y. (2003). The aging

population and its impact on the surgery workforce. Ann. Surg. 238, 170–177.

doi: 10.1097/01.SLA.0000081085.98792.3d

Falleti, M. G., Maruff, P., Collie, A., and Darby, D. G. (2006). Practice

effects associated with the repeated assessment of cognitive function using

the CogState battery at 10-minute, one week and one month test-retest

intervals. J. Clin. Exp. Neuropsychol. 28, 1095–1112. doi: 10.1080/13803390500

205718

Fisher, M., Holland, C., Merzenich, M. M., and Vinogradov, S.

(2009). Using neuroplasticity-based auditory training to improve

verbal memory in schizophrenia. Am. J. Psychiatry 166, 805–811.

doi: 10.1176/appi.ajp.2009.08050757

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). “Mini-mental state”. A

practical method for grading the cognitive state of patients for the clinician. J.

Psychiatr. Res. 12, 189–198.

Franklin, S., Peat, M., and Lewis, A. (2003). Non-traditional interventions to

stimulate discussion: the use of games and puzzles. J. Biol. Educ. 37, 79–84.

doi: 10.1080/00219266.2003.9655856

Frontiers in Aging Neuroscience | www.frontiersin.org 10 March 2018 | Volume 10 | Article 68

https://www.frontiersin.org/articles/10.3389/fnagi.2018.00068/full#supplementary-material
https://doi.org/10.1016/j.jpsychires.2015.05.013
https://doi.org/10.1139/f01-004
https://doi.org/10.1186/1751-0473-3-15
https://doi.org/10.1016/j.neuroimage.2010.10.009
https://doi.org/10.1001/jama.288.18.2271
https://doi.org/10.1093/geronb/62.special_issue_1.19
https://doi.org/10.1097/WAD.0b013e31819c6137
https://doi.org/10.1136/bmjopen-2014-007069
https://doi.org/10.1097/WCO.0b013e328315a293
https://doi.org/10.1016/S0140-6736(55)92689-1
https://doi.org/10.1080/15504263.2016.1145779
https://doi.org/10.1109/42.918475
https://doi.org/10.1111/j.1467-9280.2007.01966.x
https://doi.org/10.1093/brain/awq158
https://doi.org/10.1155/2013/912037
https://doi.org/10.1076/1385-4046(200005)14:2
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1001/jama.1997.03550160041036
https://doi.org/10.1016/S0003-4975(01)03375-6
https://doi.org/10.1037/a0014296
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1080/13607860412331336788
https://doi.org/10.1097/01.SLA.0000081085.98792.3d
https://doi.org/10.1080/13803390500205718
https://doi.org/10.1176/appi.ajp.2009.08050757
https://doi.org/10.1080/00219266.2003.9655856
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Kulason et al. SCRA Cognitive Intervention Post-thoracic Surgery

Graves, W. W., Desai, R., Humphries, C., Seidenberg, M. S., and Binder, J. R.

(2010). Neural systems for reading aloud: a multiparametric approach. Cereb.

Cortex 20, 1799–1815. doi: 10.1093/cercor/bhp245

Günther, V. K., Schäfer, P., Holzner, B. J., and Kemmler, G. W. (2003). Long-term

improvements in cognitive performance through computer-assisted cognitive

training: a pilot study in a residential home for older people.AgingMent. Health

7, 200–206. doi: 10.1080/1360786031000101175

Helkala, E.-L., Kivipelto, M., Hallikainen, M., Alhainen, K., Heinonen, H.,

Tuomilehto, J., et al. (2002). Usefulness of repeated presentation of Mini-

Mental State Examination as a diagnostic procedure–a population-based study.

Acta Neurol. Scand. 106, 341–346. doi: 10.1034/j.1600-0404.2002.01315.x

Henkel, V., Mergl, R., Kohnen, R., Maier, W., Möller, H.-J., and Hegerl, U. (2003).

Identifying depression in primary care: a comparison of different methods in a

prospective cohort study. BMJ 326, 200–201. doi: 10.1136/bmj.326.7382.200

Hsu, J. C. (1996). Multiple Comparisons: Theory and Methods. London: Chapman

& Hall.

Iida, S., Nakao, T., and Ohira, H. (2011). Implicit attenuation of subsequent

emotion by cognitive activity. Cogn. Affect. Behav. Neurosci. 11, 476–484.

doi: 10.3758/s13415-011-0045-y

Iida, S., Nakao, T., and Ohira, H. (2012). Prior cognitive activity

implicitly modulates subsequent emotional responses to subliminally

presented emotional stimuli. Cogn. Affect. Behav. Neurosci. 12, 337–345.

doi: 10.3758/s13415-012-0084-z

Ino, T., Nakai, R., Azuma, T., Kimura, T., and Fukuyama, H. (2009). Recognition

and reading aloud of kana and kanji word: an fMRI study. Brain Res. Bull. 78,

232–239. doi: 10.1016/j.brainresbull.2008.11.008

Jaeggi, S. M., Buschkuehl, M., Jonides, J., and Shah, P. (2011). Short- and long-term

benefits of cognitive training. Proc. Natl. Acad. Sci. U.S.A. 108, 10081–10086.

doi: 10.1073/pnas.1103228108

Jason, G. W. (1986). Performance of manual copying tasks after focal cortical

lesions. Neuropsychologia 24, 181–191. doi: 10.1016/0028-3932(86)90051-5

Jones, M., Rona, R. J., Hooper, R., and Wesseley, S. (2006). The burden of

psychological symptoms in UK Armed Forces. Occup. Med. 56, 322–328.

doi: 10.1093/occmed/kql023

Kawashima, R., Hiller, D. L., Sereda, S. L., Antonczak, M., Serger, K.,

Gannon, D., et al. (2015). SAIDO learning as a cognitive intervention for

dementia care: a preliminary study. J. Am. Med. Dir. Assoc. 16, 56–62.

doi: 10.1016/j.jamda.2014.10.021

Kawashima, R., Okita, K., Yamazaki, R., Tajima, N., Yoshida, H., Taira, M., et al.

(2005). Reading aloud and arithmetic calculation improve frontal function

of people with dementia. J. Gerontol. A Biol. Sci. Med. Sci. 60, 380–384.

doi: 10.1093/gerona/60.3.380

Kawashima, R., Taira, M., Okita, K., Inoue, K., Tajima, N., Yoshida, H.,

et al. (2004). A functional MRI study of simple arithmetic–a comparison

between children and adults. Brain Res. Cogn. Brain Res. 18, 227–233.

doi: 10.1016/j.cogbrainres.2003.10.009

Kherad-Pajouh, S., and Renaud, O. (2010). An exact permutation method for

testing any effect in balanced and unbalanced fixed effect ANOVA. Comput.

Stat. Data Anal. 54, 1881–1893. doi: 10.1016/j.csda.2010.02.015

Klingberg, T., Fernell, E., Olesen, P. J., Johnson, M., Gustafsson, P., Dahlström,

K., et al. (2005). Computerized training of working memory in children with

ADHD–a randomized, controlled trial. J. Am. Acad. Child Adolesc. Psychiatry

44, 177–186. doi: 10.1097/00004583-200502000-00010

Kueider, A. M., Parisi, J. M., Gross, A. L., and Rebok, G. W. (2012). Computerized

cognitive training with older adults: a systematic review. PLoS ONE 7:e40588.

doi: 10.1371/journal.pone.0040588

Kugo, A., Terada, S., Ata, T., Ido, Y., Kado, Y., Ishihara, T., et al. (2007). Japanese

version of the Frontal Assessment Battery for dementia. Psychiatry Res. 153,

69–75. doi: 10.1016/j.psychres.2006.04.004

Kulason, K., Nouchi, R., Hoshikawa, Y., Noda, M., Okada, Y., and Kawashima,

R. (2016). The beneficial effects of cognitive training with simple calculation

and reading aloud in an elderly postsurgical population: study protocol for a

randomized controlled trial. Trials 17:334. doi: 10.1186/s13063-016-1476-0

Kwok, T., Wong, A., Chan, G., Shiu, Y., Lam, K.-C., Young, D., et al. (2013).

Effectiveness of cognitive training for Chinese elderly in Hong Kong. Clin.

Interv. Aging 8, 213–219. doi: 10.2147/CIA.S38070

Lee, Y., Kim, J. H., Lee, K. J., Han, G., and Kim, J. L. (2005). Association of cognitive

status with functional limitation and disability in older adults. Aging Clin. Exp.

Res. 17, 20–28. doi: 10.1007/BF03337716

Lim, Y. Y., Ellis, K. A., Harrington, K., Ames, D., Martins, R. N., Masters,

C. L., et al. (2012). Use of the CogState Brief Battery in the assessment of

Alzheimer’s disease related cognitive impairment in the Australian Imaging,

Biomarkers and Lifestyle (AIBL) study. J. Clin. Exp. Neuropsychol. 34, 345–358.

doi: 10.1080/13803395.2011.643227

Lindholt, J. S., Ventegodt, S., and Henneberg, E. W. (2002). Development

and validation of QoL5 for clinical databases. A short, global and generic

questionnaire based on an integrated theory of the quality of life. Eur. J. Surg.

168, 107–113. doi: 10.1080/11024150252884331

Ludbrook, J., and Dudley, H. (1998). Why permutation tests are superior to t and

F tests in biomedical research. Am. Stat. 52, 127–132. doi: 10.2307/2685470

Mahncke, H. W., Connor, B. B., Appelman, J., Ahsanuddin, O. N., Hardy, J. L.,

Wood, R. A., et al. (2006). Memory enhancement in healthy older adults using

a brain plasticity-based training program: a randomized, controlled study. Proc.

Natl. Acad. Sci. U.S.A. 103, 12523–12528. doi: 10.1073/pnas.0605194103

Maruff, P., Lim, Y. Y., Darby, D., Ellis, K. A., Pietrzak, R. H., Snyder, P. J., et al.

(2013). Clinical utility of the cogstate brief battery in identifying cognitive

impairment in mild cognitive impairment and Alzheimer’s disease. BMC

Psychol. 1:30. doi: 10.1186/2050-7283-1-30

Maruff, P., Thomas, E., Cysique, L., Brew, B., Collie, A., Snyder, P., et al.

(2009). Validity of the CogState brief battery: relationship to standardized

tests and sensitivity to cognitive impairment in mild traumatic brain injury,

schizophrenia, and AIDS dementia complex. Arch. Clin. Neuropsychol. 24,

165–178. doi: 10.1093/arclin/acp010

May, R. B., and Hunter, M. A. (1993). Some advantages of permutation tests. Can.

Psychol. 34, 401–407. doi: 10.1037/h0078862

Melby-Lervåg, M., and Hulme, C. (2013). Is working memory training effective? A

meta-analytic review. Dev. Psychol. 49, 270–291. doi: 10.1037/a0028228

Menon, V., Rivera, S. M., White, C. D., Glover, G. H., and Reiss, A. L.

(2000). Dissociating prefrontal and parietal cortex activation during arithmetic

processing. Neuroimage 12, 357–365. doi: 10.1006/nimg.2000.0613

Milner, B. (1984). Behavioral effects of frontal-lobe lesions in man. Trends

Neurosci. 7, 403–407. doi: 10.1016/S0166-2236(84)80143-5

Miura, N., Iwata, K., Watanabe, J., Sugiura, M., Akitsuki, Y., Sassa, Y., et al.

(2003). Cortical activation during reading aloud of long sentences: fMRI study.

Neuroreport 14, 1563–1566. doi: 10.1097/00001756-200308260-00004

Miura, N., Watanabe, J., Iwata, K., Sassa, Y., Riera, J., Tsuchiya, H., et al. (2005).

Cortical activation during reading of ancient versus modern Japanese texts:

fMRI study. Neuroimage 26, 426–431. doi: 10.1016/j.neuroimage.2005.01.041

Moller, J. T., Cluitmans, P., Rasmussen, L. S., Houx, P., Rasmussen, H.,

Canet, J., et al. (1998). Long-term postoperative cognitive dysfunction

in the elderly ISPOCD1 study. ISPOCD investigators. International

Study of Post-Operative Cognitive Dysfunction. Lancet 351, 857–861.

doi: 10.1016/S0140-6736(97)07382-0

Monk, T. G., and Price, C. C. (2011). Postoperative cognitive disorders.Curr. Opin.

Crit. Care 17, 376–381. doi: 10.1097/MCC.0b013e328348bece

Monk, T. G., Weldon, B. C., Garvan, C. W., Dede, D. E., van der

Aa, M. T., Heilman, K. M., et al. (2008). Predictors of cognitive

dysfunction after major noncardiac surgery. Anesthesiology 108, 18–30.

doi: 10.1097/01.anes.0000296071.19434.1e

Mozolic, J. L., Long, A. B., Morgan, A. R., Rawley-Payne, M., and Laurienti, P. J.

(2011). A cognitive training intervention improves modality-specific attention

in a randomized controlled trial of healthy older adults. Neurobiol. Aging 32,

655–668. doi: 10.1016/j.neurobiolaging.2009.04.013

Nakaaki, S., Murata, Y., Sato, J., Shinagawa, Y., Matsui, T., Tatsumi, H., et al.

(2007). Reliability and validity of the Japanese version of the Frontal Assessment

Battery in patients with the frontal variant of frontotemporal dementia.

Psychiatry Clin. Neurosci. 61, 78–83. doi: 10.1111/j.1440-1819.2007.01614.x

Nakagawa, S. (2004). A farewell to Bonferroni: the problems of low

statistical power and publication bias. Behav. Ecol. 15, 1044–1045.

doi: 10.1093/beheco/arh107

Nouchi, R., and Kawashima, R. (2014). Improving cognitive function from

children to old age: a systematic review of recent smart ageing intervention

studies. Adv. Neurosci. 2014:235479. doi: 10.1155/2014/235479

Nouchi, R., Saito, T., Nouchi, H., and Kawashima, R. (2016a). Small acute

benefits of 4 weeks processing speed training games on processing speed and

inhibition performance and depressive mood in the healthy elderly people:

evidence from a randomized control trial. Front. Aging Neurosci. 8:302.

doi: 10.3389/fnagi.2016.00302

Frontiers in Aging Neuroscience | www.frontiersin.org 11 March 2018 | Volume 10 | Article 68

https://doi.org/10.1093/cercor/bhp245
https://doi.org/10.1080/1360786031000101175
https://doi.org/10.1034/j.1600-0404.2002.01315.x
https://doi.org/10.1136/bmj.326.7382.200
https://doi.org/10.3758/s13415-011-0045-y
https://doi.org/10.3758/s13415-012-0084-z
https://doi.org/10.1016/j.brainresbull.2008.11.008
https://doi.org/10.1073/pnas.1103228108
https://doi.org/10.1016/0028-3932(86)90051-5
https://doi.org/10.1093/occmed/kql023
https://doi.org/10.1016/j.jamda.2014.10.021
https://doi.org/10.1093/gerona/60.3.380
https://doi.org/10.1016/j.cogbrainres.2003.10.009
https://doi.org/10.1016/j.csda.2010.02.015
https://doi.org/10.1097/00004583-200502000-00010
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.1016/j.psychres.2006.04.004
https://doi.org/10.1186/s13063-016-1476-0
https://doi.org/10.2147/CIA.S38070
https://doi.org/10.1007/BF03337716
https://doi.org/10.1080/13803395.2011.643227
https://doi.org/10.1080/11024150252884331
https://doi.org/10.2307/2685470
https://doi.org/10.1073/pnas.0605194103
https://doi.org/10.1186/2050-7283-1-30
https://doi.org/10.1093/arclin/acp010
https://doi.org/10.1037/h0078862
https://doi.org/10.1037/a0028228
https://doi.org/10.1006/nimg.2000.0613
https://doi.org/10.1016/S0166-2236(84)80143-5
https://doi.org/10.1097/00001756-200308260-00004
https://doi.org/10.1016/j.neuroimage.2005.01.041
https://doi.org/10.1016/S0140-6736(97)07382-0
https://doi.org/10.1097/MCC.0b013e328348bece
https://doi.org/10.1097/01.anes.0000296071.19434.1e
https://doi.org/10.1016/j.neurobiolaging.2009.04.013
https://doi.org/10.1111/j.1440-1819.2007.01614.x
https://doi.org/10.1093/beheco/arh107
https://doi.org/10.1155/2014/235479
https://doi.org/10.3389/fnagi.2016.00302
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Kulason et al. SCRA Cognitive Intervention Post-thoracic Surgery

Nouchi, R., Taki, Y., Takeuchi, H., Hashizume, H., Akitsuki, Y., Shigemune, Y.,

et al. (2012a). Brain training game improves executive functions and processing

speed in the elderly: a randomized controlled trial. PLoS ONE 7:e29676.

doi: 10.1371/journal.pone.0029676

Nouchi, R., Taki, Y., Takeuchi, H., Hashizume, H., Nozawa, T., Kambara, T., et al.

(2013). Brain training game boosts executive functions, working memory and

processing speed in the young adults: a randomized controlled trial. PLoS ONE

8:e55518. doi: 10.1371/journal.pone.0055518

Nouchi, R., Taki, Y., Takeuchi, H., Hashizume, H., Nozawa, T., Sekiguchi, A.,

et al. (2012b). Beneficial effects of reading aloud and solving simple arithmetic

calculations (learning therapy) on a wide range of cognitive functions in the

healthy elderly: study protocol for a randomized controlled trial. Trials 13:32.

doi: 10.1186/1745-6215-13-32

Nouchi, R., Taki, Y., Takeuchi, H., Nozawa, T., Sekiguchi, A., and Kawashima,

R. (2016b). Reading aloud and solving simple arithmetic calculation

intervention (learning therapy) improves inhibition, verbal episodic

memory, focus attention and processing speed in healthy elderly people:

evidence from a randomized controlled trial. Front. Hum. Neurosci. 10:217.

doi: 10.3389/fnhum.2016.00217

Nouchi, R., Taki, Y., Takeuchi, H., Sekiguchi, A., Hashizume, H., Nozawa,

T., et al. (2014). Four weeks of combination exercise training improved

executive functions, episodic memory, and processing speed in healthy elderly

people: evidence from a randomized controlled trial. Age 36, 787–799.

doi: 10.1007/s11357-013-9588-x

Owsley, C., and McGwin, G. (2004). Association between visual attention

and mobility in older adults. J. Am. Geriatr. Soc. 52, 1901–1906.

doi: 10.1111/j.1532-5415.2004.52516.x

Pangman, V. C., Sloan, J., and Guse, L. (2000). An examination of psychometric

properties of the mini-mental state examination and the standardized mini-

mental state examination: implications for clinical practice. Applied Nursing

Research 13, 209–213. doi: 10.1053/apnr.2000.9231

Parker Jones, O., Green, D. W., Grogan, A., Pliatsikas, C., Filippopolitis, K., Ali,

N., et al. (2012). Where, when and why brain activation differs for bilinguals

and monolinguals during picture naming and reading aloud. Cereb. Cortex 22,

892–902. doi: 10.1093/cercor/bhr161

Richardson, A., Plant, H., Moore, S., Medina, J., Cornwall, A., and Ream,

E. (2007). Developing supportive care for family members of people with

lung cancer: a feasibility study. Support. Care Cancer 15, 1259–1269.

doi: 10.1007/s00520-007-0233-z

Rowe, J. W., and Kahn, R. L. (1997). Successful AGING.Gerontologist 37, 433–440.

doi: 10.1093/geront/37.4.433

Saleh, A. J., Tang, G.-X., Hadi, S. M., Yan, L., Chen, M.-H., Duan, K.-M., et al.

(2015). Preoperative cognitive intervention reduces cognitive dysfunction in

elderly patients after gastrointestinal surgery: a randomized controlled trial.

Med. Sci. Monit. 21, 798–805. doi: 10.12659/MSM.893359

Salthouse, T. A. (2006). Mental exercise and mental aging: evaluating the

validity of the “use it or lose it” hypothesis. Perspect. Psychol. Sci. 1, 68–87.

doi: 10.1111/j.1745-6916.2006.00005.x

Sammer, G., Reuter, I., Hullmann, K., Kaps, M., and Vaitl, D. (2006). Training

of executive functions in Parkinson’s disease. J. Neurol. Sci. 248, 115–119.

doi: 10.1016/j.jns.2006.05.028

Sartory, G., Zorn, C., Groetzinger, G., and Windgassen, K. (2005). Computerized

cognitive remediation improves verbal learning and processing speed in

schizophrenia. Schizophr. Res. 75, 219–223. doi: 10.1016/j.schres.2004.10.004

Sauër, A.-M., Kalkman, C., and van Dijk, D. (2009). Postoperative cognitive

decline. J. Anesth. 23, 256–259. doi: 10.1007/s00540-009-0744-5

Schooler, C. (2007). Use it-and keep it, longer, probably: a reply to Salthouse (2006).

Perspect. Psychol. Sci. 2, 24–29. doi: 10.1111/j.1745-6916.2007.00026.x

Shuster, J. J., and Boyett, J. M. (1979). Nonparametric multiple

comparison procedures. J. Am. Stat. Assoc. 74, 379–382.

doi: 10.1080/01621459.1979.10482522

Sitzer, D. I., Twamley, E. W., and Jeste, D. V. (2006). Cognitive training in

Alzheimer’s disease: a meta-analysis of the literature.Acta Psychiatr. Scand. 114,

75–90. doi: 10.1111/j.1600-0447.2006.00789.x

Smith, G. E., Housen, P., Yaffe, K., Ruff, R., Kennison, R. F., Mahncke, H.

W., et al. (2009). A cognitive training program based on principles of brain

plasticity: results from the Improvement in Memory with Plasticity-based

Adaptive Cognitive Training (IMPACT) study. J. Am. Geriatr. Soc. 57, 594–603.

doi: 10.1111/j.1532-5415.2008.02167.x

Steinmetz, J., Christensen, K. B., Lund, T., Lohse, N., Rasmussen,

L. S., and ISPOCD Group (2009). Long-term consequences of

postoperative cognitive dysfunction. Anesthesiology 110, 548–555.

doi: 10.1097/ALN.0b013e318195b569

Sugishita, J. (2012). AManual of MMSE-J. Nihon Bunka Kagakusya.

Takeuchi, H., Taki, Y., Nouchi, R., Hashizume, H., Sekiguchi, A., Kotozaki, Y.,

et al. (2014). Working memory training improves emotional states of healthy

individuals. Front. Syst. Neurosci. 8:200. doi: 10.3389/fnsys.2014.00200

Tombaugh, T. N., and McIntyre, N. J. (1992). The mini-mental state

examination: a comprehensive review. J. Am. Geriatr. Soc. 40, 922–935.

doi: 10.1111/j.1532-5415.1992.tb01992.x

Toyoda, M., Yokota, Y., and Rodiek, S. (2016). A motor programming task

activates the prefrontal cortex more than a sensitivity-to-interference task

or an inhibitory control task in older adults. J. Behav. Brain Sci., 6:433.

doi: 10.4236/jbbs.2016.611040

Turken, A. U., Whitfield-Gabrieli, S., Bammer, R., Baldo, J., Dronkers, N. F.,

and Gabrieli, J. D. E. (2008). Cognitive processing speed and the structure

of white matter pathways: convergent evidence from normal variation and

lesion studies. Neuroimage 42, 1032–1044. doi: 10.1016/j.neuroimage.2008.

03.057

Uchida, S., and Kawashima, R. (2008). Reading and solving arithmetic problems

improves cognitive functions of normal aged people: a randomized controlled

study. Age 30, 21–29. doi: 10.1007/s11357-007-9044-x

Wang, W., Wang, Y., Wu, H., Lei, L., Xu, S., Shen, X., et al. (2014). Postoperative

Cognitive Dysfunction: Current Developments in Mechanism and Prevention.

Med. Sci. Monit. 20, 1908–1912. doi: 10.12659/MSM.892485

Wechsler, D. A. (1997). Wechsler Adult Intelligence Scale, 3rd Edn. San Antonio,

TX: The Psychological Corporation.

Willis, S. L., Tennstedt, S. L., Marsiske, M., Ball, K., Elias, J., Koepke,

K. M., et al. (2006). Long-term effects of cognitive training on

everyday functional outcomes in older adults. JAMA 296, 2805–2814.

doi: 10.1001/jama.296.23.2805

Woods, B., Aguirre, E., Spector, A. E., and Orrell, M. (2012). Cognitive stimulation

to improve cognitive functioning in people with dementia. Cochrane Database

Syst. Rev. 2:CD005562. doi: 10.1002/14651858.CD005562.pub2

Yassa, M. A., Stark, S. M., Bakker, A., Albert, M. S., Gallagher, M., and Stark, C.

E. L. (2010). High-resolution structural and functional MRI of hippocampal

CA3 and dentate gyrus in patients with amnestic Mild Cognitive Impairment.

Neuroimage 51, 1242–1252. doi: 10.1016/j.neuroimage.2010.03.040

Yesavage, J. A., Brink, T. L., Rose, T. L., Lum, O., Huang, V., Adey, M.,

et al. (1982). Development and validation of a geriatric depression

screening scale: a preliminary report. J. Psychiatr. Res. 17, 37–49.

doi: 10.1016/0022-3956(82)90033-4

Yoshida, T., Suga, M., Arima, K., Muranaka, Y., Tanaka, T., Eguchi, S., et al.

(2011). Criterion and construct validity of the CogState Schizophrenia

Battery in Japanese patients with schizophrenia. PLoS ONE 6:e20469.

doi: 10.1371/journal.pone.0020469

Conflict of Interest Statement: Learning therapy was developed by RK and

KUMON Institute of Education. However, RK derives no income from KUMON

Institute of Education and Society for Learning Therapy.

The other authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2018 Kulason, Nouchi, Hoshikawa, Noda, Okada and Kawashima.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 12 March 2018 | Volume 10 | Article 68

https://doi.org/10.1371/journal.pone.0029676
https://doi.org/10.1371/journal.pone.0055518
https://doi.org/10.1186/1745-6215-13-32
https://doi.org/10.3389/fnhum.2016.00217
https://doi.org/10.1007/s11357-013-9588-x
https://doi.org/10.1111/j.1532-5415.2004.52516.x
https://doi.org/10.1053/apnr.2000.9231
https://doi.org/10.1093/cercor/bhr161
https://doi.org/10.1007/s00520-007-0233-z
https://doi.org/10.1093/geront/37.4.433
https://doi.org/10.12659/MSM.893359
https://doi.org/10.1111/j.1745-6916.2006.00005.x
https://doi.org/10.1016/j.jns.2006.05.028
https://doi.org/10.1016/j.schres.2004.10.004
https://doi.org/10.1007/s00540-009-0744-5
https://doi.org/10.1111/j.1745-6916.2007.00026.x
https://doi.org/10.1080/01621459.1979.10482522
https://doi.org/10.1111/j.1600-0447.2006.00789.x
https://doi.org/10.1111/j.1532-5415.2008.02167.x
https://doi.org/10.1097/ALN.0b013e318195b569
https://doi.org/10.3389/fnsys.2014.00200
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.4236/jbbs.2016.611040
https://doi.org/10.1016/j.neuroimage.2008.03.057
https://doi.org/10.1007/s11357-007-9044-x
https://doi.org/10.12659/MSM.892485
https://doi.org/10.1001/jama.296.23.2805
https://doi.org/10.1002/14651858.CD005562.pub2
https://doi.org/10.1016/j.neuroimage.2010.03.040
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1371/journal.pone.0020469
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

	The Beneficial Effects of Cognitive Training With Simple Calculation and Reading Aloud (SCRA) in the Elderly Postoperative Population: A Pilot Randomized Controlled Trial
	Introduction
	Background and Rationale
	Purpose

	Methods
	Trial Design
	Participants
	SCRA Intervention Group
	Waitlisted Control Group
	Cognitive Function Outcome Measures
	Psychological Questionnaires Outcome Measures
	Sample Size
	Randomization and Blinding
	Statistical Analysis

	Results
	Between-Group Analyses
	Within-Group Analyses

	Discussion
	Protocol
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


